SUMMARY Concanavalin-A-induced T-suppressor cell activity was decreased in spleen cell suspensions from Lewis rats with adjuvant arthritis. This decreased activity was evident on day 10 after the induction of the disease, just before the development of the polyarthritic lesions, and persisted during the period of active inflammatory and immunological disease. The extent of the impairment of T-suppressor cell activity was positively correlated with the severity of the arthritic lesions. Removal of phagocytic cells prior to induction of T-suppressor cells abolished the observed decrease in suppressor cell activity. It is suggested that this model may be of value for the investigation of suppressor cell function in immunologically mediated disorders.
Recent investigations have suggested that defective T-suppressor cell activity may be implicated in the pathogenesis of diseases characterised by aberrant immunological reactivity. In patients with rheumatoid arthritis a decrease in the number of suppressor/cytotoxic T-cells in peripheral blood and synovial fluid has been observed,' and concanavalin-A (con-A)-induced T-supressor cell activity is markedly deficient in rheumatoid synovial lymphocytes. 2 In addition, loss of suppressor cell activity has been described in juvenile rheumatoid arthritis,3 systemic lupus erythematosus,4 chronic active hepatitis,5 multiple sclerosis,6 autoimmune thyroiditis,7 primary biliary cirrhosis,8 and inflammatory bowel disease. 9 Investigation into the mechanism of action and the regulation of the suppressor cells during immunological disease is hampered by the lack of suitable animal models. The most widely used model is the murine lupus developing in NZB/NZW F1 mice.'0 In these mice T-suppressor cell activity is lost with age, thereby allowing the development of autoimmune manifestations." But long periods of induction and observation are necessary, as overt disease is first noted at 4 to 6 months of age.
In the present experiments the induction of T-suppressor cell activity was investigated following the induction of a chronic inflammatory disease-namely, adjuvant arthritis-in rats. This model of experimentally induced polyarthritis mimicks some of the features of rheumatoid arthritis Accepted for publication 11 January 1983. Correspondence to Dr L. Binderup. in man,"Z and recent experiments have shown that cell-mediated immunity and immunoregulatory functions are altered during the course of the disease."3 14 In contrast to control rats, rats with adjuvant arthritis were found to have decreased con-A-induced T-suppressor cell activity 2 to 4 weeks after the induction of the disease. The development of defective T-suppressor cell activity coincided with the development of the polyarthritic lesions and was positively correlated with the severity of the lesions.
Materials and methods
Induction ofadjuvant arthritis. Adjuvant arthritis was induced in female inbred Lewis rats (160-200 g) by injecting 0-3 mg of heat-killed Mycobacterium butyricum (Difco) suspended in 0 1 ml of mineral oil into the footpad of the right hind paw. In one series of investigations this treatment was repeated on day 7 after the initial injection of adjuvant. Nonarthritic rats matched for weight and age served as controls.
The severity of the induced polyarthritis was assessed by measuring the volume of the injected and noninjected hind paws by a mercury displacement plethismometer. The intensity of the reaction was calculated as the difference between the paw volume on the day of measurement and on the day of adjuvant injection, and was expressed as mean + SD ml of oedema.
Induction and assay of T-suppressor cells. Spleens were removed from control and arthritic rats and cell suspensions were prepared individually from each rat. All manipulations were performed at 4 ) . Four hours before the end of incubation 1 ,Ci/ml 3H-thymidine (3H-TdR, 5000 mCilmmol, the Radiochemical Centre, Amersham, England) was added to each culture. After being labelled the nonadherent cells were aspirated from the culture wells into 12% ice-cold trichloroacetic acid (TCA), and the amount of radioactivity incorporated in the DNA was determined as already described. 15 The uptake of 3H-TdR by the remaining adherent cells in the culture wells was determined after digestion of the cells with 0-5 N NaOH. This uptake always accounted for less than 3% of the uptake by the nonadherent cells. 
INDUCTION OF T-SUPPRESSOR CELLS
T-suppressor cells were induced with con-A (5 ,ug/ml) using unseparated spleen cells obtained from control Lewis rats and from Lewis rats with adjuvant arthritis 17 days after the induction of the disease. The cells were tested for their ability to suppress the mixed lymphocyte reaction (MLR) in cultures of Lewis and Lewis x BN (FJ) control rats. Table 1 shows that con-A-induced spleen cells from control rats could significantly inhibit 3H-TdR incorporation in MLR cultures compared with cultures without added cells (44% inhibition, p<0001) and compared with cultures with cells incubated without con-A (35% inhibition, p<0005). On the contrary no inhibition was observed when con-A-induced spleen cells from arthritic rats were added to the MLR cultures (2% inhibition, NS). Increasing the concentration of con-A to 10 ,uglml or increasing the 
TIME COURSE OF T-SUPPRESSOR CELL INDUCTION
In order to analyse the induction of T-suppressor cells during the development and course of the arthritic disease spleen cell suspensions were prepared from arthritic rats on day 4 after adjuvant injection (primary inflammatory lesions of the injected paw), on day 10 (before the first signs of polyarthritis), on day 17 and 24 (established chronic inflammatory disease), and on day 45 (remission of inflammation and establishment of permanent articular damage). Table 2 shows that on day 4 con-A-induced arthritic spleen cells were less inhibitory (30% inhibition) than the corresponding control spleen cells (44% inhibition). From day 10 to day 24 arthritic spleen cells could not significantly inhibit MLR cultures, whereas by day 45 the presence of T-suppressor cell activity was again observed (27 % inhibition, p<005).
CORRELATION OF T-SUPPRESSOR CELL INDUCTION WITH DISEASE SEVERITY
Considerable variations were observed in disease severity of individual Lewis rats when injected with adjuvant. This is exemplified by the large standard deviations of the mean oedema of the noninjected hind paws, shown in Table 2 . In order to analyse whether disease severity was correlated with defective T-suppressor cell induction, spleen cell suspensions were prepared from groups of arthritic rats with small increases of noninjected hind paws (low responders) and from groups of arthritic rats with large increases (high responders). In addition spleen cell suspensions were also prepared from rats having received a second booster injection of adjuvant 7 days after the initiating injection. All spleen cells were collected on day 17 after the induction of the disease. In the present experiments the induction of T-suppressor cell activity in vitro was investigated by means of spleen cells from Lewis rats with adjuvant arthritis. T-suppressor cells were induced with mitogenic doses of con-A and tested for their ability to inhibit the mixed lymphocyte reaction in cultures of Lewis and Brown Norway (F,) rat spleen cells. T-suppressor cells prepared from arthritic rats 17 days after the induction of the disease could not inhibit the MLR, whereas significant inhibition was exerted by T-suppressor cells from control rats. This difference in suppressor cell induction could not be abolished by increasing the number of suppressor cells or by changing the con-A concentration, nor could it be attributed to differences in cell survival.
Analysis of the course of induction of T-suppressor cells during the different phases of the disease showed that a significant decrease in T-suppressor cell activity was found already 10 days after the induction of the disease, just before the development of the polyarthritic lesions. During the phase of chronic inflammation with marked arthritic involvement of the joints T-suppressor cell activity could not be induced. T-suppressor cell activity was found to return towards control values on day 45, at the time of remission of the chronic inflammation and establishment of permanent articular deformity. In addition rats which developed the most severe polyarthritic lesions, as measured by the oedema of the noninjected hind paw, had significantly less T-suppressor cell activity than rats with less severe disease. The most marked impairment of T-suppressor cell activity was observed in rats receiving a second challenge with adjuvant, a treatment that may give rise to severe systemic changes of the disease.2' These results suggest that rats with adjuvant arthritis may fail to establish a normal level of T-suppressor cell activity on antigenic stimulation and that this defect may contribute both to the development and to the chronicity of the polyarthritic lesions.
Several mechanisms may contribute to this decrease in con-A-induced T-suppressor cell activity.
Precursor T-cells may be resistant to induction, or their relative number may be decreased in the spleen cell suspensions. Alternatively, other cell types may interfere with the normal induction of T-suppressor cells, pointing to a change or a defect in immunoregulatory pathways. Previous studies have shown that the function of macrophages is altered during the course of adjuvant arthritis."3 14 Shortly after the induction of the disease suppressive macrophages were found in the spleen and lymph nodes; these cells could inhibit the response of lymphocytes to both T-and B-cell mitogens. It was therefore considered of interest to investigate whether macrophages were involved in the decrease in con-Ainduced T-suppressor cell activity in rats with adjuvant arthritis. Removal of macrophages with carbonyl iron particles prior to induction of T-suppressor cells resulted in complete restoration of suppressor cell activity. These results indicate that T-lymphocytes from arthritic rats have a normal capacity to express suppressor cell activity, but that the presence of macrophages interfere with this capacity. The macrophages may exert a direct inhibitory effect on T-precursor cells via cell-to-cell contact or via the release of soluble inhibitors. Regulation of macrophage function may further be controlled by subpopulations of immunoregulatory lymphocytes. These diverse mechanisms of lymphocytemacrophage co-operation are investigated in an accompanying paper.22
In conclusion, this paper describes a model of defective T-suppressor cell activity linked with the appearance of immunologically mediated polyarthritic lesions. The disease is rapidly and easily induced and may serve as a valuable model for the investigation of suppressor cell activity during chronic inflammatory disease. In addition the model has obvious potential for the investigation of the mechanism of action of drugs used in the treatment of immunological diseases. 
